Background Therapeutic misconception (TM), which occurs when research subjects fail to appreciate the distinction between the imperatives of clinical research and ordinary treatment, may undercut the process of obtaining meaningful consent to clinical research participation. Previous studies have found that TM is widespread, but progress in addressing TM has been stymied by the absence of a validated method for assessing its presence. Purpose The goal of this study was to develop and validate a theoretically grounded measure of TM, assess its diagnostic accuracy, and test previous findings regarding TM's prevalence. Methods A total of 220 participants were recruited from clinical trials at four academic medical centers in the United States. Participants completed a 28-item Likert-type questionnaire to assess the presence of beliefs associated with TM, and a semistructured TM interview designed to elicit their perceptions of the nature of the clinical trial in which they were participating. Data from the questionnaires were subjected to factor analysis, and items with poor factor loadings were excluded. This resulted in a 10-item scale, with three strongly correlated factors and excellent internal consistency; the fit indices of the model across 10 training sets were consistent with the original results, suggesting a stable factor solution. Results The scale was validated against the TM interview, with significantly higher scores among subjects coded as displaying evidence of TM. Receiver operating curve (ROC) analysis based on a 10-fold internal cross-validation yielded area under the ROC (AUC) = 0.682 for any evidence of TM. When sensitivity (0.72) and specificity (0.61) were both optimized, positive predictive value was 0.65 and negative predictive value was 0.68, with a positive likelihood ratio of 1.89 and a negative likelihood ratio of 0.47. In all, 50.5% (n = 101) of the participants manifested evidence of TM on the TM interview, a somewhat lower rate than in most previous studies. Limitations The predictive value of the scale compared with the 'gold standard' clinical interview is modest, although similar to other instruments based on selfreport assessing states of mind rather than discrete symptoms. Thus, although the scale can offer evidence of which subjects are at risk for distortions in their decisions and to what degree, it will not allow researchers to conclude definitively that TM is present in a given subject. Therapeutic misconception in research subjects PS Appelbaum 2012 ARTICLE Therapeutic misconception in research subjects 749
Introduction
Therapeutic misconception (TM) was first described in the 1980s, when it was noticed that some research subjects 'fail [ed] to appreciate the distinction between the imperatives of clinical research and of ordinary treatment' [1] . People who manifest TM often express incorrect beliefs about the degree to which their treatment will be individualized to meet their specific needs [2] , the likelihood of benefit from participation in the study [2] , and the goals of the researchers in conducting the project [3] . These beliefs may be attributable to subjects' failure to distinguish their previous experiences receiving medical treatment or to comments made by the research team or on the consent form that foster the conflation of treatment with research [4, 5] . The characteristics of TM suggest that it may undercut the process of obtaining meaningful consent to clinical research participation by distorting participants' beliefs about the nature and consequences of the process into which they are entering [4] . In the years since TM was first identified, debates about the precise definition and borders of the concept have multiplied [3, 4, 6] , as have discussions of its implications for informed consent to research [4, [7] [8] [9] .
At the same time, a substantial empirical literature has developed, documenting the apparent ubiquity of TM [4] . Among subjects in 44 clinical trials addressing diverse diagnoses, TM was found to be present to some degree in 62% [2] . High TM scores have been identified in 74% of the people enrolled in early phase gene transfer trials [5] . Psychiatric research subjects with schizophrenia had manifestations of TM in 69% of the cases [10] . TM was found in a pilot study among 12 of 15 Egyptian outpatients [11] , and in 70% of people who had consented to research participation for themselves or their children in France [12] . In addition, there are many studies illustrating failures on the part of research subjects to comprehend one or another aspect of clinical research (e.g., unproven experimental treatment, randomization, use of placebo) that seem likely to contribute to TM, for example, Refs. [13] [14] [15] [16] .
Research on TM, however, has been hampered by the absence of both a universally accepted definition and a validated measure of the phenomenon. Scholars have attempted to distinguish TM from related phenomena such as 'therapeutic optimism', 'therapeutic misestimation', and 'unrealistic optimism' [6, 17] . The tendency to apply the term imprecisely, for example, to any belief that research participation could be of benefit to the subjects, has been criticized as undermining the integrity of the concept [9] . Efforts to reach a consensus definition have been difficult and in many eyes unsatisfactory [3, 18] . Indeed, Goldberg [18] has argued that there will always be difficulty in arriving at necessary and sufficient criteria for TM since it consists of a set of varied manifestations that bear only a 'family resemblance' to each other. At best, then, any attempt to define and operationalize the concept can strive to be plausible but is unlikely to be definitive.
In addition to the definitional uncertainties, research has been plagued by the lack of a validated measure of TM, however defined. As Henderson et al. [3] have noted, most studies have been based on open-ended interviews rather than standardized questions, making data gathering and analysis timeconsuming and difficult to replicate, and the few studies that have created scales to assess TM have not attempted to validate their measures. Although in-depth interviews that assess subjects' broader understanding of research participation may be the most definitive means of identifying TM [19] , a validated scale to identify subjects who appear to manifest some degree of TM would be a major step forward. The absence of such an instrument not only has hindered assessment of the prevalence and characteristics of the phenomenon but also the development of meaningful efforts to reduce TM because of problems in measuring the effectiveness of such interventions. As a consequence, some commentators have concluded, arguably prematurely, that TM is an inevitable and intractable concomitant of consent to clinical research [8, 20] .
The primary goal of this study, therefore, was to develop a plausible, theoretically grounded measure of TM, to validate it on a large and diverse sample of research subjects, and to assess its diagnostic accuracy. By doing so, we hoped both to test previous findings regarding the prevalence of TM with a more rigorous methodology and to facilitate future studies aimed at reducing the prevalence of TM by offering a means of assessing the potency of the proposed remedies.
Methods

Participants
A total of 220 participants were recruited from clinical trials at four academic medical centers in different The development of a reliable and valid TM scale, even with modest  predictive power, should permit investigators in clinical trials to identify subjects  with tendencies to misinterpret the nature of the situation and to provide PIs who agreed to participate were asked to query newly enrolled, eligible research subjects about their willingness to be interviewed for this study and to forward contact information for those who agreed. Eligibility criteria included being English speaking and at least 18 years of age, and having signed consent to participate in a randomized intervention trial within the past 2 months. The subjects were interviewed either in person or by telephone after their informed consent was obtained for participation. Because potential subjects were referred from the clinical trials in which they were enrolled, we are unable to ascertain the number of subjects whom investigators failed to ask about participation in this study or the number who declined to be contacted. Procedures for the study were approved by the IRB at each site.
Conclusions
Assessment of TM: TM questionnaire
Participants were asked to complete a 28-item Likert-type questionnaire to assess the presence of beliefs associated with TM. The theoretical framework for the questionnaire was derived from previous work by two of the investigators who identified two dimensions associated with the phenomenon: unreasonable beliefs, based on a misunderstanding of the methods of the research, in (1) the degree of individualization of the intervention being provided and (2) the likelihood of the benefit from participation [2] . A third dimension, misunderstanding of the purpose of research as intended to benefit future patients, was drawn from the effort to develop a consensus definition of TM by Henderson et al. [3] . Although there is not a firm consensus in the literature regarding the definition of TM, all of the alternative definitions of which we are aware draw on one or more of these three components. Each dimension was included because of its potential to compromise the meaningfulness of the subjects' consent. The subjects who mistakenly believe that interventions will be individualized for their needs or who hold mistaken beliefs, based on a misunderstanding of the methods of the research, about the likelihood of personal benefit misunderstand how being in research differs from ordinary treatment. The subjects who do not fully understand that the primary purpose of research is to collect generalizable data to help patients in the future fundamentally misconstrue the nature of the situation into which they are entering and thus base their decisions on incorrect premises [7] . This may be true even if the subjects recognize that collecting data is one of the several goals of the study, if they simultaneously fail to acknowledge its primacy, since in reality, the priority given this goal will determine how decisions about their care in the study are made.
The questionnaire included 3-4 items for each of the three theoretical dimensions (individualization, benefit, and purpose) at three different levels of application (research in general, the project in which the participant was enrolled, and the participant's own treatment), for a total of 28 items. Previous research had demonstrated that some people who recognize the nature of research procedures at one of the more general levels, nevertheless fail to demonstrate adequate appreciation of how research procedures affected their own situation, thus reducing the quality of their consent and indicating the presence of TM [1] . Since not all the items were applicable to every research study, interviewers were instructed to omit certain items when appropriate (e.g., an item about limitations on adjunctive treatments if no limitations were present in the study).
Assessment of TM: TM interview
To validate the TM questionnaire, participants also participated in a semistructured interview designed to elicit their perceptions of the nature of the research in which they were enrolled, the current 'gold standard' for the assessment of TM [3] . Questions encouraged participants to discuss their views of the extent to which decisions about their treatment would be based on their individual needs, their expectations of benefit from the study and the reasons for them, and their understanding of the purpose of the study (see supplementary material Appendix A). Interviewers were instructed to probe adequately to allow subjects' responses to be scored on these three dimensions.
Data collection
Prior to the beginning of data collection, interviewers from all sites participated in an intensive, 3-day training session at the coordinating site for this study. The PI and the project director, both of whom had extensive experience with previous studies on TM in clinical research, conducted the training. Procedures included demonstrations of the use of the TM questionnaire and interview, with each interviewer having the opportunity to conduct supervised mock interviews for practice and feedback. During the course of the study, there were regular conference calls involving the interviewers and the project director to attempt to maximize consistency in data collection across sites.
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The TM questionnaire was administered verbally. Participants were instructed to do their best to respond to the items without additional verbal clarification, as if they were completing the survey independently. The semistructured interview followed the questionnaire. The study procedures took approximately 45 min to complete.
Data analysis: TM questionnaire
The goals of the statistical analyses were consecutively to establish the factor structure of the TM questionnaire, eliminating those items that failed to achieve adequate factor loadings; to determine the reliability and validity of the questionnaire; to evaluate the diagnostic accuracy of empirically selected cutoffs for the new scale; and to correct for potential optimistic bias in the operating characteristics of the scale through internal cross-validation. Data quality was evaluated through examination of the individual item descriptive characteristics. The mean and distribution of scores were examined for each item.
The dimensionality of the items was examined using confirmatory factor analysis (CFA) [21] in Mplus, v.3.11 [22] , using the following models: a one-factor model, representing TM; a three-factor model with correlated dimensions; and a hierarchical three-factor model. We excluded items with poor factor loadings (<0.600) and compared the fit of the three-factor structures using a chi-square difference test. In line with recommendations, model fit was evaluated using several fit indices for each model [23] , including the chi-square statistic, the comparative fit index (CFI), the root mean squared error of approximation (RMSEA), and the Tucker-Lewis index (TLI). The CFI and the TLI are incremental fit indices that measure model fit by comparing the specified model with a baseline model where the observed variables are mutually uncorrelated. Hu and Bentler [23] suggest CFIs should be greater than 0.95 for good model fit and greater than 0.90 for acceptable fit, and a cutoff value of 0.95 for the TLI. The RMSEA is a fit index based on the function of error of approximation of the best fitting model to the population covariance matrix [24] . The widely used RMSEA cutoff scores are 0 for perfect fit, 0.05 for good fit, and 0.08-0.10 or less for acceptable fit, but recent work has suggested that these cutoffs are rather arbitrary and are influenced by sample size and model specifications [25] .
The internal consistency of the TM scale retained in the final CFA model was evaluated by Cronbach's alpha, with 0.70 indicating acceptable reliability [26] . To assess the external validity of the TM scale, the means of subjects coded as having or not having TM based on the TM interview were examined. The subjects classified as having TM by the interview were expected to have significantly higher scores.
We used a logistic regression model with the TM scale score as a predictor and the coded 'gold standard' of the TM interview as an outcome to examine the receiver operating curve (ROC) of the scale and to determine the optimal cut points on the TM scale. A cut point is usually the score that best strikes a balance between the sensitivity (proportion of true positives) and specificity (proportion of true negatives) of a scale, although depending on the use of the scale, different cut points may be selected, for example, to maximize the sensitivity of a tool [27] . For the ROC plots, the sensitivity and specificity values for each score on the TM scale were estimated, and the values were plotted, representing graphically the performance of the scale through the range of cut points. The area under the ROC (AUC) was calculated to summarize the screening/ diagnostic utility of the TM scale. At the level of chance, the AUC will be 0.5 and is represented by the diagonal on the ROC graph. The AUC increases as the accuracy of the test increases to a maximum of 1.0, which indicates a test with perfect diagnostic utility. Tests with AUC in the range of 0.7-0.9 are considered moderately accurate [27] .
Ideally, the selection of a cutoff point is informed by the prevalence in the target population and the relative consequences of false-positive and falsenegative test results, which can vary depending on the context [27] . As this study is an initial evaluation of a proposed scale, we took an empirical approach, assuming 50% prevalence of the condition and equivalent costs of false-positive and falsenegative results and evaluating the diagnostic accuracy of a cutoff based on the Youden index [28] , which optimizes the sensitivity and the specificity of the scale. In addition, we examined cutoff points corresponding to 80% sensitivity and 80% specificity.
Given that diagnostic accuracy of tests and cutoff values based on empirical investigation are prone to an optimistic bias, we conducted a 10-fold internal cross-validation to acquire more realistic estimates of the test performance. We randomly divided the data into tenths, iteratively trained the model on 9/10 of the data, and calculated the predicted probabilities of presence of TM (interview results) for each observation based on the derived model in the remaining 1/10 test set. We used these results to plot an ROC and compute the areas under the curve to evaluate the global diagnostic accuracy of the measure [29] [30] [31] . In addition, we evaluated the diagnostic accuracy of the cutoff scores selected on the basis of the Youden index and at 80% sensitivity and 80% specificity. To evaluate the performance of the test at these cutoffs, we examined sensitivity (the ability of the test to detect the condition when it is truly Clinical Trials 2012; 9: 748 -761 http://ctj.sagepub.com present) and specificity (the ability of the test to exclude the condition in patients who do not have it), positive predictive value (PPV; probability that a person has TM, when the test results are positive), negative predictive value (NPV; probability that a person does not have TM when the test results are negative), the likelihood ratio for a positive result (+LR; how much the odds of the condition increase with a positive test), and the likelihood ratio for a negative result (−LR; how much the odds of the condition decrease with a negative test). The training data sets were also used to evaluate the stability of the derived factor structure and internal validity of the TM scale.
Data analysis: TM interview
All interviews were transcribed and coded for TM.
The coding system was based on a previous study by two of the authors [2] . When comparing codes across coders, wherever agreement was less than 100%, code definitions were reviewed, clarified and refined as needed to increase coding reliability. The coder, a bachelor's level research coordinator with previous qualitative data coding experience, and the Project Director, an experienced master's level member of the research team, then independently coded sets of 6-8 transcripts at a time. This was followed by meetings with the PI, who has three decades of experience coding transcripts for TM, where each transcript was reviewed and any differences in coding was discussed until a consensus was reached. For each case, coders reviewed the transcripts to assess the three dimensions of TM described above. The coders were permitted to use information from answers to the open-ended questions only; no responses derived from the verbally administered TM questionnaire were used, and the coders were blind to the results of the questionnaires.
Evidence of TM on each dimension was ascertained using the following rules and coded as present, absent, or insufficient evidence:
Individualization. Any clear evidence of a belief that treatment choices would be individualized for the subject's specific needs, when that belief was inconsistent with the study protocol. Benefit. Any clear evidence that both of the following were present: (1) a belief that there was likely to be personal therapeutic benefit from participation and (2) the methods of the study precluded the perceived benefit from occurring or the efficacy of the experimental medication or intervention was unproven. In studies where everyone received standard treatment and subjects were then randomized to an experimental add-on treatment or placebo, TM was scored as present only if the subject expressed a strong conviction that the benefit was likely to accrue as a result of the experimental (i.e., unproven) component and/or a certainty that they would get the experimental treatment. Expression of a subject's hope for benefit was not scored as TM, in contrast to cases in which a subject characterized such benefit as likely.
Example: (subject 118 -Phase 3 randomized, double-blind, placebo-controlled, multicenter study of medication for digital lesions in scleroderma) I: Uh huh. And how likely do you think it is that you are gonna benefit from being in the study? P: I feel pretty sure that it's gonna help me and mainly right now my goal is to get my fingers better. I can't do anything without my hands. I've got to have them.
Purpose of the study. Any clear evidence of a belief that the primary purpose of the study was to help the study participants, rather than to help patients in the future or to attain another scientific goal.
Example (subject 318 -Phase 3 trial for recurrent or metastatic breast cancer):
Interviewer: And would you say the study is primarily designed to help the participants in the study or to collect data to help people in the future?
Participant: The way I have . . . my experience is to treat the patient. It is mentioned to you that that it is a study and that the information will be used for the betterment of others. Yeah, but in this case, the focus is on the patient.
In addition to coding the interviews for the evidence of TM on each dimension, a composite category was created indicating evidence of TM on any dimension. In keeping with our usual procedure, any clear evidence of TM was coded as TM present, even if at some other point in the interview, the subject gave a contradictory response; we adopt this approach due to inherent uncertainty regarding the impact of subjects' contradictory views on their decision making, our desire to be inclusive with regard to cases in which TM may negatively affect the quality of consent, and our experience that TM beliefs are often central to the decisions about participating in a trial [1] . Cases where interviewers coded no TM for some dimensions and could not agree on its presence or absence on others (33 cases for the purpose dimension, 19 for benefit, 36 for individualization, and 2 for all dimensions) were coded as having no evidence of TM. Only cases where coders could not reach agreement on any of the dimensions were coded as having insufficient evidence to make a decision about the presence of TM. These cases were excluded from the validity and ROC analyses, leaving 189 participants with available TM score and interview data for these analyses.
Results
The characteristics of participants are shown in Table 1 . They were predominantly White and male, with at least some college education, actively working or retired, and spread across the age spectrum. Table 2 shows the nature of the studies in which participants were enrolled. Psychiatry (28%; n = 62) and hematology/oncology (28%; n = 61) made the biggest contributions, followed by neurology (12%; n = 27); the remaining subjects were drawn from a wide range of areas of medicine. Most studies (59.5%; n = 50) were placebo controlled, and most subjects (68%; n = 150) came from these trials; most trials were Phase 2 or 3 (75%; n = 63). Endorsement of items associated with TM was common among participants in this study, as shown in Table 3 , but varied across items. On the TM interview, 24.50% (n = 49) of the participants were coded as showing evidence of TM on the individualization dimension, 35% (n = 70) on the benefit dimension and 15% (n = 30) on the purpose dimension. In all, 50.5% (n = 101) of the participants presented evidence of TM on at least one dimension.
Factor analysis of TM questionnaire
All items on the questionnaire were recoded, so that higher scores would indicate stronger responses consistent with TM. The examination of the descriptive characteristics revealed no items with out-ofrange values. Two of the items evaluating purpose (Table 3 ; items P3 and P5) were found to be highly skewed and were excluded from further analyses. Five of the items (Table 3 ; items I1, I2, and I4-I7) were not administered to all participants, as they were deemed not to be relevant to specific study designs. Since inclusion of these items would present challenges in interpretation and application by future users of the scale, they were omitted from these analyses. All remaining items were included in the initial CFA model.
Based on the preselected cutoff, items with factor loadings <0.6 were excluded from the analyses in a stepwise fashion (see Table 3 for excluded items). Ten additional items were excluded based on this criterion, and the final CFA models were evaluated on the 10 items with good factor loadings. The one-factor model demonstrated acceptable fit (χ 2 (21) = 71.31, p < 0.0001, CFI = 0.961, TLI = 0.983, and marginal RMSEA = 0.11). The threefactor model had slightly better fit indices (χ 2 (19) = 55.5, p < 0.0001, CFI = 0.972, TLI = 0.987, and RMSEA = 0.10) and very high correlations among http://ctj.sagepub.com Clinical Trials 2012; 9: 748 -761 factors (range = 0.887-0.969). The chi-square difference test comparing the two models was significant (χ 2 (3) = 20.8, p < 0.0001), suggesting that the threefactor model provides a better fit for the data (Table  4 ). The final model supported the hypothesized presence of three related TM domains, which were strongly correlated. The hierarchical model failed to converge in this sample. The resulting TM scale had an excellent internal consistency (Cronbach's alpha = 0.90).
The fit indices of the model replications across the 10 training sets were consistent with the original results (CFI range = 0.963-0.974, RMSEA range = 0.987-0.999), suggesting a stable factor solution.
External validity and ROC analyses of the TM scale
As the three domains in the final CFA model were highly correlated, a single TM scale score was computed by summing the 10 items retained in the model. To evaluate the validity of the scale, we tested its ability to differentiate between participants who were identified as having evidence of TM http://ctj.sagepub.com Clinical Trials 2012; 9: 748 -761 on the TM interview from those who were not. The TM scores were significantly higher for participants who had interview results indicating the presence of TM on each dimension and on all dimensions combined (Table 5) , confirming the external validity of the scale. The subscale scores of the TM scale (benefit, individualization, and purpose) were also significantly higher for participants with interview results, indicating the presence of TM on the corresponding dimension (data not shown).
The results of the ROC plots indicated that, based on the Youden index, 27 is the cutoff point on the TM scale that would maximize the sensitivity and the specificity of the measure; with that cutoff, 55% of the sample would be categorized as manifesting TM. A score of 24 would be the cutoff value for 80% sensitivity (proportion of sample with TM would be 62%), and a score of 35 would be the cutoff value for 80% specificity (35% with TM). The diagnostic accuracy measures for these points based on the original model and the 10-fold internal cross-validation results are presented in Table 6 . The cutoff value selected may depend on the intended use of the scale in a given instance and the relative cost of false-positive and false-negative classifications. The ROC in Figure 1 represents the performance of the TM scale across all cutoff points for the combined category indicating any evidence of TM in the interview. The value of the AUC, used to summarize the diagnostic utility of a test was [27] . The results from the 10-fold internal cross-validation corrected for some optimistic bias, leading to an adjusted AUC of 0.682 (95% CI: 0.605-0.706). Although the two ROCs differed significantly, the change in magnitude of the AUC was only marginal. Some small magnitude correction was also evident in the diagnostic accuracy measures of the scale at different cutoff points (Table 6) .
Overall, the TM scale demonstrated modest predictive value and likelihood ratios. The LR is an important measure of diagnostic accuracy. Unlike the PPV and NPV, it does not depend on the prevalence of a condition, and it takes into account all available information in a classification table. Positive and negative LRs are also very helpful in clinical practice, as they can be used to predict the posttest probability of a condition for a given patient when the pretest probability is known. For example, based on the +LR of 1.89 for the TM cutoff of 27 and a population with a prevalence of TM of 60%, the probability of TM in a patient with TM score > 27 would increase to 74% (from 60%). For a patient with a TM score of <27, the probability of TM would decrease to 41%, based on the −LR of 0.47.
Discussion
The final 10-item TM scale derived in this study of 220 participants in a wide range of clinical trials is based on data suggesting that TM can be manifested by mistaken beliefs on one or more of three dimensions: the degree of individualization of treatment, likely benefit from a study, and the overall purpose of the study. The elimination of problematic items and of items that failed to achieve adequate factor loadings from the original 28 items in the questionnaire resulted in a 10-item scale that loaded on to three highly correlated factors, corresponding to each of the original three dimensions. The scale had excellent internal consistency and showed good ability to discriminate between participants who displayed manifestations of TM on the TM interview and those who did not. The proposed TM scale demonstrated diagnostic accuracy in the lower moderate range. The AUC for the TM scale was lower than the AUCs reported for some wellestablished self-report measures used as diagnostic screeners like the Personal Health Questionnaire Depression Scale (PHQ)-9 [32] and Beck Depression Inventory (BDI) [33] , where a relatively robust gold standard criterion is available for comparison. On the other hand, the TM scale's overall accuracy was within the range of global accuracy reported by other self-report scales of constructs assessing states of mind rather than discrete symptoms [34, 35] or by established scales in new patient groups [36] . In addition, most studies report measures of diagnostic accuracy without correction for possible optimistic bias. The results from the internal validation of the TM scale we conducted suggested modest correction for optimistic bias, which is consistent with results reported from simulation studies with similar sample size [37] and suggests that further reduction in diagnostic accuracy measures is unlikely. Data from both the TM interview and the TM scale confirm previous suggestions that evidence of TM is commonly found among research subjects. The frequency with which participants manifested some evidence of TM was 50.5% based on the TM interview and 55% based on the TM scale using a cutoff score of 27. Both analyses suggest somewhat lower rates of TM than prior studies, which found evidence for TM in 60%-74% of research subjects [2, [9] [10] [11] [12] , using a wide variety of definitions and methods of assessment. The variation in rates may be due to differences in samples, definitions of TM, assessment approaches, or the effectiveness of researchers' informational presentations to patients. Although the nature of subject referral to the study prevents us from knowing how many subjects who were approached by the research staff of their primary studies declined to be interviewed, the rates of TM in this study suggest that investigators were not systematically excluding their less well-performing subjects.
Our findings may help to explain some of the difficulty that the field has had in converging on a common definition of TM, while at the same time generating remarkably similar estimates of its prevalence across diverse samples. These data support the notion that TM has diverse manifestations along at least three dimensions. Different research groups appear to have focused on one or more of those dimensions, often to the exclusion of the other(s). However, since the dimensions are strongly correlated, the resulting estimates of the prevalence of TM showed great similarity. As Goldberg [18] suggested, TM appears to manifest itself as a set of phenomena that display a familial resemblance, akin to the concept of a 'fuzzy set' [38] . It seems likely, though, that the most accurate assessments of TM will take into account all three of the dimensions identified in this study as contributing to the concept. This should encourage convergence on a uniform approach to the conceptualization of TM.
Inherent in the construction of a scale to assess TM is the belief -confirmed by our data -that the phenomenon exists along a spectrum of intensity. A small number of subjects manifest a great deal of TM, permeating their appreciation of every element of the study. Other subjects show only focal deficits related to one or another element. Many subjects lie somewhere in between. Where to draw the line at which someone has 'enough' TM to be excluded from offering consent is a matter of policy and may vary according to the risk-benefit profile presented by a study. Exactly the same is true for competence to consent to research participation or treatment; the most commonly used measures of competence provide quantitative estimates of the degree of impairment on the basis of which a categorical choice is made regarding the acceptability of the subject's consent, usually based on the risks and benefits of research participation or treatment [39] . In both cases, as risk increases, a higher level of certainty that the subject is offering a meaningful consent is desirable.
It is important to keep in mind precisely what a scale of this sort can and cannot do. By providing evidence of beliefs associated with TM, the scale can help to identify research participants who -to some degree -fail to appreciate the nature of the study into which they are being asked to enter and the probable consequences of their involvement. Moreover, by offering a measure of the number of mistaken beliefs, the scale may allow investigators to target for additional education those subjects at highest risk for distorted decision making. However, as Kim et al. [19] have noted, subjects' responses to a standard set of questions about their beliefs may be misleading for at least three reasons: subjects may not understand the questions themselves; investigators may misinterpret subjects' responses; and even when subjects display some misconceptions about studies, the confusion may not actually impact their decisions. They suggest that only indepth interviews can overcome these problems, although it is clear that such an approach is not a panacea either, since subjects' responses may be inherently ambiguous, confounding efforts at coding. Though in-depth interviews represent the current 'gold standard,' the time required to conduct and code such interviews renders them impractical for use in clinical trials. Hence, this scale can best be understood as a more efficient mechanism for ascertaining which subjects are at risk for distortions in their decisions and to what degree but will not allow researchers to conclude definitively that TM is present in a given subject or that, if present, it will necessarily impact the subject's decision. Some follow-up with identified subjects will be necessary, and the use of the scale should not replace individualized inquiry when subjects' comprehension is in doubt. Moreover, a replication of our findings regarding the reliability and validity of the scale, especially when used by other research groups, would be appropriate.
With these cautions taken into account, the TM scale described here may be useful for a variety of purposes. Clinical researchers who would like to identify participants who may harbor serious misconceptions about the nature and consequences of the study to which they are being asked to consent may find it helpful to use the TM scale to screen for such participants, who can then receive additional education; for this purpose, researchers may select a cutoff that maximizes the sensitivity of the scale, Clinical Trials 2012; 9: 748 -761 http://ctj.sagepub.com even at the cost of reduced specificity, prioritizing the identification of those subjects who would benefit from supplementary information about clinical research. IRBs and other research ethics committees, concerned that subjects in higher risk clinical studies might not appreciate the implications of research participation, might ask researchers to use the TM scale to establish eligibility for enrollment or for referral for further education prior to enrollment; here, a cutoff that balances specificity and sensitivity may be more appropriate, given the importance of minimizing the number of subjects wrongly identified as manifesting TM and hence ultimately excluded from participating. It may also be helpful in educating investigators and research staff about the nature and prevalence of TM and its potential impact on informed consent. Investigators who study the process of informed consent to clinical trials and other clinical studies may find this scale of use in ascertaining evidence of TM and, even more importantly, in assessing the effectiveness of efforts to reduce its manifestations. Indeed, given a good deal of data accumulated over several decades suggesting a high prevalence of TM in clinical research, we believe that future studies should focus on what can be done to correct subjects' misconceptions.
